Objectives: This study evaluated the concurrent treatment of chemoradiation followed by esophagectomy in the management of locoregional esophageal carcinoma. The main end points were to determine the resectability of the tumor and the pathologic tumor response. An accessory aim was to evaluate the survival rate. Patients and methods: Thirty-nine patients were treated as follows: 5-fluoruracil, 1,000 mg/m 2 , by 24-h IV infusion for 4 days, and cisplatin, 100 mg/m 2 , on day 1. Concurrent radiotherapy was delivered at a total dose of 40 Gy in daily fractions of 2 Gy five times per week. The performance of an esophagectomy was planned 4 weeks after induction treatment and restaging. Results: All patients completed the preoperative treatment. A potentially radical resection was performed in 29 patients, and a complete or partial histologically proven response was observed in 9 patients (23%) and 20 patients (51%), respectively. The 3-year overall survival rate was 40%. The 3-year rates of overall survival and disease-free survival were 88% and 76%, respectively, in patients with complete response (p < 0.0012), and 16% and 17%, respectively, in patients with partial response (p < 0.0013). Age, histology, and response represented the best prognostic model related to survival.
W hile still relatively rare in Western countries, esophageal cancer is a very aggressive tumor, and only 40 to 60% of patients present with clinically localized disease. These patients usually are treated predominantly with surgery. However, resection is often not radical, and the overall 5-year survival rate remains poor, with only 10% of patients alive after surgery. 1 This poor prognosis reflects the fact that few esophageal tumors are diagnosed at an early stage and that, even in localized stages, early lymphatic and hematogenous dissemination occurs owing to the underlying anatomy. 2 Therefore, esophageal cancer may not be cured by local approaches, such as surgery or radiotherapy. Combination chemoradiotherapy provides a clear survival advantage when compared to radiation therapy alone. 3, 4 Chemoradiotherapy with subsequent esophagectomy has been reported to be effective as well, although the value of surgery is still not unequivocal. The goal of this approach was predominantly aimed at eliminating micrometastases and facilitating complete tumor resection, which is the requisite for long-term survival. Chemotherapy agents such as 5-fluorouracil, cisplatin, mitomycin, and bleomycin have been shown to be highly effective in previously untreated patients, particularly when associated with concur-rent radiotherapy. Preoperative chemoradiotherapy has been demonstrated to result in a pathologic complete response (CR) rate of approximately 20 to 30%. 5, 6 However, a wide range of pathologic CR, survival, and mortality rates have been reported in the literature. Factors influencing these results include the modality of patient sampling, the design of the studies, and inadequate staging. 7, 8 The use of positron emission tomography using 18-fluorodeoxyglucose has been shown to improve the clinical staging of patients with locally advanced esophageal cancer. 9, 10 Moreover, improvements in staging procedures have been achieved with endoscopic ultrasonography (EUS), which is superior to both CT scanning and MRI in assessing esophageal involvement. 11, 12 Although currently not useful in patient management, EUS does enhance the precision in clinical staging and should be used to select or stratify patients in clinical trials. Here we report the results of a phase II study employing concurrent preoperative chemoradiotherapy in patients with both adenocarcinoma and squamous cell carcinoma of the esophagus staged with EUS. The main goal of this trial was to investigate the influence of a primary treatment on tumor resectability, pathologic tumor response, and prognosis.
Materials and Methods

Patient Selection
Between February 1994 and June 1999, 73 patients with previously untreated, biopsy-proven adenocarcinoma or squamous cell carcinoma of the esophagus were admitted at our hospital. On evaluation, 3 patients had tumors of the cervical esophagus, 9 patients were affected by metastatic disease, 7 patients had early-stage disease (ie, T1-T2, N0), and 15 patients had poor performance status (PS), which made them eligible for best supportive care only. Therefore, the remaining 39 patients with locally advanced disease (ie, T3-T4 N0 or any TNϩ), Eastern Cooperative Oncology Group PS 0 to 2, adequate pulmonary function to tolerate an esophagectomy, and no preexisting renal, hepatic, or hematologic dysfunction were eligible for concurrent preoperative chemoradiation. The pretreatment evaluation included physical examination, serum chemistry tests, barium esophagogram, contrast CT scanning of the chest and abdomen, and esophageal EUS. Bronchoscopy was performed in patients with tumors at or above the carina. Based on the results of the EUS, patients were assigned to a preoperative clinical stage according to the 1992 TNM System of the American Joint Committee on Cancer. All patients gave written informed consent.
Treatment Plan and Criteria for Response and Toxicity
Chemotherapy consisted of 5-fluorouracil (1,000 mg/m 2 ) by 24-h infusion for 4 days in a volume of 2,000 mL normal saline solution per day. On day 1, patients received a bolus a of cisplatin (100 mg/m 2 ). Two cycles of chemotherapy were administered 3 weeks apart. During chemotherapy, CBC and platelet counts were performed at least two times per week. All patients were hospitalized throughout the duration of chemotherapy for appropriate hydration and antiemetic therapy, and in case of thrombocytopenia of Ͻ 20,000 cells/L or leukopenic fever. Radiotherapy was delivered via a millielectron volt linear accelerator. Each patient received a total dose of 40 Gy in daily fractions of 2 Gy five times per week, starting on day 1 of chemotherapy. The treatment fields had longitudinal and lateral margins of at least 4 and 2 cm, respectively, away from the gross tumor volume, as defined by CT scan and esophagogram. After the completion of two courses of chemotherapy and a full dose of radiotherapy, patients were re-evaluated. The process of restaging included a routine complete blood workup, chest and abdomen CT scans with contrast, and an EUS evaluation with an endoscopy biopsy. Response criteria were defined as follows: CR, normal barium esophagogram and no visible tumor as determined by esophagoscopy with negative biopsy results and normal CT scan findings; partial response (PR), Ͼ 50% tumor regression evaluated by CT scan and Ͼ 50% reduction of intraesophageal tumor extension assessed by barium swallow and esophagoscopy; and no change, Ͻ 50% regression of tumor extension and no evidence of tumor progression. Progressive disease was considered as a Ͼ 25% increase of the measurements or the appearance of new lesions. Treatment-induced toxicity was classified according to World Health Organization (WHO) criteria. Esophagectomy was planned 4 to 6 weeks after the induction treatment. According to the usual surgical technique in the authors' surgical unit, thoracic esophageal cancers are treated with laparotomy, thoracotomy, and cervicotomy followed by total esophagectomy, lymphadenectomy, and gastroesophageal anastomosis in the left neck. In abdominal esophageal cancers, after gastric mobilization by laparotomy, esophagectomy was performed by right thoracotomy and mediastinal esophagogastro anastomosis. A radical resection (R0, according to the criteria of the Union Internacional Contra la Cancrum) was defined as the removal of all macroscopic tumoral tissue, no evidence of distant metastases, the absence of microscopic residual tumor, free resection margins, and lymphadenectomy extended beyond the involved nodes at postoperative pathologic examination. A resection was judged as nonradical when microscopic (R1) or macroscopic (R2) residual tumor was found. Patients with evidence of residual disease after surgery received two additional cycles of chemotherapy. After treatment, the patients were followed-up every 3 months for the first 2 years and every 6 months thereafter. Follow-up was updated from the Tumor Registry of the Department. No patient was lost to follow-up, and the study was completed by December 31, 2000.
Statistical Analysis
Statistical software (BMDP Statistical Software Inc; Los Angeles, CA) was used for statistical analysis of the data. All tests were two-tailed. A p value of Ͻ 0.05 was considered to be statistically significant. The following 11 prognostic factors were considered: gender, age, tumor, nodes, PS, histology, grading, hemoglobin, leukocytes, weight loss, and pathologic response. For all data, mean Ϯ SD, range, median, and lower and upper 95% confidence intervals (CIs) for the mean are provided. The correlation between individual prognostic factors and the type of response was performed by using one-way analysis of variance (ANOVA). Multiple linear regression by groups, which was performed using variables with a significant value on ANOVA, was used to characterize the influence of every covariate on a positive response to radiochemotherapy. Overall survival (OS) was measured from the date of registration to the date of death or last follow-up visit. The length of disease-free survival (DFS) was calculated from the time of surgery through the last follow-up or documented recurrence. Univariate analysis related to OS and DFS was performed on each variable, and significance was determined by log-rank test (Mantel-Cox).
Survival curves were plotted using the product-limit method (Kaplan-Meier) and were analyzed using the generalized Savage test or Mantel-Cox test (BMDP1 L; BMDP Statistical Software, Inc.).
The independent significance of every prognostic variable related to OS and DFS was determined by multivariate analysis, using the Cox proportional hazards model. Coefficient, SE, and hazard rate were considered. Level of significance was obtained by the score test (BMDP2 L; BMDP Statistical Software, Inc.). Finally, a stepwise multivariate analysis was performed, and a predictive model of the best linear combination of variables predicting OS and DFS was developed. The maximum partial likelihood ratio test was used with remove and enter limits of 0.15 and 0.10, respectively (BMDP2 L).
Results
Chemoradiotherapy
All 39 patients completed the preoperative treatment, and a total of 78 courses of chemotherapy combined with radiotherapy were administered. The acute toxicities were mild during the induction regimen. Seven patients developed grade 3 granulocytopenia, one patient developed grade 4 granulocytopenia, and two patients developed grade 3 thrombocytopenia. Seven patients developed grade 3 esophagitis. Thirtyfive of the 39 patients received their planned doses of chemoradiotherapy. In 4 of 39 patients, the planned dose of chemoradiotherapy was reduced. One patient had WHO grade 4 neutropenia, and three patients had simultaneous WHO grade 3 esophagitis and hematologic toxicity. No patient died as a result of the induction treatment. Thirteen patients (33.3%) were considered to have had a CR by endoscopic and imaging techniques on reevaluation, 19 patients (48.7%) were considered to have had a PR, and 7 patients (18%) were considered to have had stabilization of disease (no change). An ANOVA test showed that PS, tumor, nodes, histology, leukocytosis, and weight loss significantly correlated with response. Multiple linear regression showed that response to preoperative chemoradiation was significantly predicted by low WBC count and squamous histotype (p ϭ 0.02 and p ϭ 0.04, respectively). Patients without weight loss and metastatic nodes were more likely to show a good response to therapy (Table 1) .
Surgery
All patients underwent surgery. Radical resection with no evidence of carcinoma cells at the resection margins (R0 resection, according to Union Internacional Contra la Cancrum criteria) was obtained in 29 patients (74%). For the group as a whole, 9 of 39 patients (23%) had no residual tumor in the resected esophagus and regional lymph nodes, corresponding to a pathologic CR. Twenty patients (51%) had residual tumor in the resected surgical specimen. Therefore, the pathologic evaluation confirmed the absence of tumor only in 9 of 13 patients with negative histology from the preresection biopsy specimens or negative imaging results by EUS. Of the remaining 10 patients, 7 underwent palliative surgery due to misdiagnosed (just under the Glisson sheath) liver metastases (3 patients) and celiac node involvement (4 patients), and 3 patients underwent nonradical resections. The operative mortality rate was 5% (2 of 39 patients). One patient who had been treated with palliative surgery died in the immediate perioperative period of myocardial infarction, while a patient who had undergone nonradical resection experienced an anastomotic leak. None of the patients who had undergone radical resection died postoperatively. After undergoing esophagectomy, one patient developed vocal cord paralysis, presumably from the operative procedure. Three patients developed perioperative pulmonary complications. One patient developed late small bowel obstruction, which was managed with conservative therapy. A dilatation was required in three patients due to the occurrence of anastomotic strictures.
OS and DFS
The mean follow-up time for 39 patients was 24.6 Ϯ 14.2 months (range, 0.1 to 82.2 months; 95% CI for the mean, 4.4). Of the 39 patients, 26 died-22 because of the cancer itself, 2 following treatment, and 2 because of other causes unrelated to the tumor. The median survival time was 23.6 months. The 12-month, 24-month, and 36-month OS rates were 96%, 58%, and 40%, respectively.
OS and DFS analyses were performed only on the 29 radically resected patients. The mean follow-up time was 28.1 Ϯ 14.5 months (range, 3.5 to 82.2 months; 95% CI, 5.3). At the end of the study, 16 patients had died and 13 were alive. The mean survival time was 45.4 months (75th quartile, 20.1 months; median, 27.4 months). The OS rates for 1 to 5 years were 96.5%, 64.1%, 39.3%, 39.3%, and 39.3%, respectively. All but one of nine patients with pathologic CRs were alive (88.9% at the 7-year follow-up). Of the 20 patients with residual tumor in the resected surgical specimen, 5 are still alive and 15 have died, with a mean survival time of 25.1 months (75th quartile, 16.4 months; 50th quartile, 23.2 months; and 25th quartile, 29.2 months). The 12-month, 24-month, and 36-month OS rates were 95%, 46%, and 16%, respectively. When comparing the patients who obtained a pathologic CR with those who had a PR, the log-rank test of equality of survival generated a p value of 0.0012 in favor of the patients with pathologic CRs. Patients with residual tumor in the resected surgical specimen had a more than 12-fold increased risk of death compared to patients with pathologic CR (Fig 1) .
When suspected, local recurrence or distant metastases were investigated by standard diagnostic tools and always were confirmed by routine histopathologic examination of the biopsy specimen. Of the 29 radically resected patients, 2 patients with pathologic CRs and 16 patients with residual tumor experienced tumor recurrence (distant recurrence, 13 patients; local recurrence, 2 patients; and both types of recurrence, 3 patients). The mean length of DFS for all patients who underwent radical resection was 37.6 months (75th quartile, 16.2 months; median, 23.1 months), and DFS rates at 1 to 5 years were 89.2%, 52.3%, 36.7%, 27.5%, and 27.5%, respectively. The mean length of DFS in patients with a pathologic CR was 68.9 months (DFS rates at 1 to 5 years, 100%, 100%, 76.1%, 76.1%, and 76.1%, respectively). The mean length of DFS in the 20 patients with residual tumor in resected specimens was 21.2 months (75th quartile, 12.9 months; 50th quartile, 18.5 months; and 25th quartile, 24.8 months). In these patients, the DFS rates at 1 to 3 years were 84.2%, 28.5%, and 17.1%, respectively. The log-rank test of equality of the survival curves generated a p value of 0.0013 in favor of the patients with pathologic CR. Patients with histologically proven PRs had a more than sevenfold increased risk of tumor recurrence when compared to patients with pathologic CRs (Fig 2) .
Using multivariate analysis, pathologic response was the only covariate that was independently associated with OS. Stepwise regression indicated age, histology, and response as the best prognostic model related to survival (Table 2) . Covariates independently associated with DFS were age, sex, PS, nodal status, grading, and response. The best model to predict DFS, as analyzed by stepwise regression, included age, weight loss, and response (Table 3) .
Discussion
Esophageal cancer patients have poor survival rates with treatment by surgery alone, because of the early occurrence of metastases. A review of the international literature on surgery outcome found a survival rate of 10% at 2 years. 1 More recent reports confirmed the discouraging results obtained with surgical treatment, showing a 3-year survival rate of 10 to 15%. 2 At a median follow-up of 24.6 months, our 3-year survival rate for all patients who underwent radical resection was 39.3%. Although not randomized, these results appear to be superior to those reported with surgery alone. While past studies on preoperative treatment suffered from insufficient clinical staging, our data were obtained from carefully staged patients using CT scans, bronchoscopy, and, above all, esophageal EUS. On the other hand, the sample size was small, and the study population was highly selected.
The published trials of esophageal cancer with preoperative cisplatin regimens and concurrent radiotherapy yielded a resection rate of 80%, a pathologic CR rate of 20 to 30% with a median survival time of 16 to 24 months, and a therapy-related mortality rate of 10 to 12%. 6 Based on these results, many investigators believe now that preoperative treatment with chemoradiation is superior in increasing local control, DFS, and OS than surgery alone. However, these conclusions were obtained only from nonrandomized studies. The results of only a few phase III trials [13] [14] [15] [16] [17] of preoperative radiochemotherapy vs surgery have been reported, showing conflicting results. However, it is interesting to note that the only studies showing a statistically significant advantage for OS or DFS were those reporting a preoperative concomitant chemoradiation treatment, as opposed to a sequential modality of treatment. 15, 17 A major question is whether surgery after chemoradiation may help to improve the outcome of these patients when compared to chemoradiation alone. Studies in which patients with locoregional esophageal cancer were treated with chemoradiation alone reported high local failure rates. Leichman et al 18 reported a 64% rate of local recurrences, while Coia et al 19 observed that 48% of local recurrences were associated with local disease as a component of failure.
Cooper et al, 4 in an intergroup study, compared radiation therapy (64 Gy) with chemotherapy plus radiotherapy with a total dose of 50.4 Gy. In this trial, distant metastases remained the most important problem, but a high local failure rate was reported. 4 On the other hand, Forastiere et al 20 obtained in patients with residual tumor a 5-year survival rate of 32%, and Bates et al 21 reported a 3-year survival rate of 25% among patients with residual disease at the time of the esophagectomy. Our trial confirms the low number of locoregional relapses in all resected patients and shows a small but significant percentage of long-term survivors among patients with persistent tumor in the resected esophagus. All these data strongly suggest the value of surgery after chemoradiation to improve outcome. Furthermore, since local recurrences negatively affect the quality of life, as well as the length of survival, the role of surgery after chemoradiation remains an important question.
It is interesting to note that patients treated with chemoradiotherapy who had no tumor on reevaluation could, theoretically, avoid surgery. However, in our experience, 30% of patients with negative test results of biopsy specimens were found to have only a partial remission at the time of surgery. These data argue against the elimination of surgery as part of the chemoradiation protocol based on the results of esophagoscopy biopsies, as in some patients the tumor may persist more deeply in the esophageal wall. Furthermore, even EUS restaging after induction chemoradiotherapy cannot accurately identify those patients who have achieved a pathologic CR at surgery, confirming that EUS has a limited value in assessing the response to induction treatment. 22 However, the definitive evaluation of whether surgery should be an essential component of the management of patients with esophageal cancer treated with chemoradiotherapy awaits the results of prospective randomized trials. In the current study, we used a conventional chemoradiation treatment with radiotherapy delivered at 2 Gy per fraction up to a total dose of 40 Gy plus standard 5-fluoruracil and cisplatin; with this regimen, we observed a pathologic CR of 23%, a rate that is similar to the one reported for fluorouracil/cisplatin and concurrent radiotherapy in localized esophageal cancer, in which pathologic CR rates of 20 to 30% have been achieved. In our study, the survival of patients with pathologic CR was significantly better than the survival of patients with surgical specimens that were positive for disease using the log-rank test (p ϭ 0.0012). Furthermore, on multivariate analysis, the pathologic response was the only covariate that was independently associated with OS. It is interesting to note that all of our patients with a pathologic CR were experiencing epidermoid cancer. Indeed, histology turned out to be one of the prognostic variables that significantly correlated with the response to chemoradiotherapy. However, histology was not shown to be an independent prognostic factor that was related to survival on multivariate analysis. This apparent discrepancy was likely due to the relatively low number of patients recruited for this study.
The acute toxicities of this combined treatment appeared to be less severe than those reported in other studies of chemoradiation alone or chemoradiation followed by surgery. No patient died as a result of the induction therapy. The treatment mortality rate in our series was 5% (2 of 39 patients). In similar studies, 19, 21, 22 the treatment-related mortality rates were not different.
It is clear that concurrent chemotherapy and radiotherapy can produce a pathologic CR in one third of patients. Given the significant correlation between pathologic response and long-term survival, it is important to identify more effective induction regimens to increase cure rates.
Furthermore, the need for more effective systemic therapies comes from the fact that distant metastases are the major problem after preoperative chemoradiation. For instance, in our trial, 16 patients (55%) experienced a distant recurrence. A number of new systemic agents are entering clinical trials in patients with esophageal cancer and could be more active in the control of micrometastatic disease. Paclitaxel has been identified as an active agent, 23 while irinotecan and gemcitabine are about to undergo extensive testing. Several of these drugs are also potent radiation sensitizers, and thus it might be possible for them to improve local control when combined with radiotherapy. 24 -26 In conclusion, we think that preoperative chemoradiotherapy should be reserved for patients treated in clinical trials and that surgery remains the standard therapy for locoregionally confined esophageal cancer. 
